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Abstract
The area of grassland in China is about 392.8 million hm2, covering 40.9% of land surface of China.
Grasslands not only serve as important green barriers for national ecological security but also as basic
means of production for local farmers and herders. However, the grasslands in China have been unevenly
deteriorating since 1980s in large areas. To date, the overall condition of grasslands in China remains
worsening, with some area getting better. Such a situation severely constrains the developments of
ecological civilization and social economy in China. Here, we analyze the current state and issues in
grassland restoration and conservation and suggest some countermeasures, aiming to restore, conserve,
and sustainably use the grasslands in China.
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Abstract: The area of grasslands in China is about 392.8 million hm2, covering 40.9% of the land surface of China.
Grasslands serve not only as important green barriers for national ecological security but also as basic means of
production for local farmers and herders. However, the grasslands in China have been unevenly deteriorating since
the 1980s in large areas. To date, the overall condition of grasslands in China remains worsening, with some areas
getting better. Such a situation severely constrains the development of ecological civilization and social economy in
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Grasslands in China cover an area of 3 928 000 square
kilometers, accounting for 12% of the global grassland area
and ranking first in the world [1]. In terms of various land
resources in China, grasslands account for about 40.9% of the
land area of the country. It is 2.91 times the arable land area
and 1.89 times the forest area, and it is even 15% higher than
the sum of the two [1]. Therefore, grasslands form the largest
terrestrial ecosystem in China. China’s grasslands are mainly
distributed in semi-arid, arid, and alpine regions in Western
and Northern China, serving as important green barriers for
national ecological security [2]. Meanwhile, grasslands, as
renewable biological resources, serve as herders’ basic means
of production and living, an important basis for them to
eliminate poverty and achieve moderate prosperity, as well as
the main battlefield for China’s ecological civilization construction in the new era.
Due to climate change (such as rising temperature, and
increasing frequency of extreme precipitation and drought),
overgrazing, and relatively backward grassland management,
about 90% of the natural grasslands in China have been unevenly deteriorating, which caused a series of issues about the
ecological environment and people’s livelihood. On the one
hand, grassland deterioration leads to a significant decline in
its ecological service function. Grassland ecological functions, namely the inherent habitat, biological properties, or
ecological processes of the grassland ecosystem, are the
prerequisite conditions for grasslands to provide ecological
resources and the basis of social and economic development

maintenance. Such functions mainly include those of primary
production, carbon sink, climate regulation, water conservation, wind prevention and sand fixation and nutrient retention, environmental purification, and biodiversity protection.
Grassland deterioration leads to decreased vegetation coverage and primary productivity, imbalanced source-sink relationship of the carbon cycle, declined climate regulation
capacity, weakened capacity of soil nutrient and water retention, dried-up rivers, shrunk lakes, and reduced biodiversity,
as well as frequent natural disasters such as pests, rodents,
and sandstorms. This directly threatens national ecological
security. On the other hand, the continuous deterioration of
the grassland ecological environment restricts the development of livestock husbandry in prairie pastoral areas. In 2015,
152 of the 268 pastoral and semi-pastoral counties (banners)
were key counties under national poverty alleviation, accounting for 57% of the total number [3]. One of the main
reasons is that the income of herders in the major pastoral
areas in China is mainly from the traditional pasture livestock
husbandry, which is relatively limited with a slow growth
rate. As investigated, the per capita net income of herders in
China increased by 152.3% during 2000–2016, which is
much lower than that of the net income of rural residents
(435.2%). In 2017, the per capita income of herders in Inner
Mongolia, Xinjiang, Tibet, Qinghai, Gansu, and Sichuan was
lower than that of farmers in the whole country [1]. The cause
analysis indicated that grassland deterioration was an important factor limiting the growth of the herders’ income.
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The Report to the 19th National Congress of the Communist Party of China (CPC) indicated that China should
coordinate the systematic management of mountains, rivers,
forests, farmland, lakes, and grasslands and implement the
strictest ecological environment conservation system.
Grassland, as an important subject of the construction of
Beautiful China, plays a milestone role in promoting grassland ecological restoration. Its greatest value, responsibility,
and potential all lie in ecology. However, for the construction
of ecological civilization in prairie pastoral areas, an urgent
need is to restore deteriorated grasslands, effectively solve
the ecological, production, and living problems of such areas,
and explore a new path of high-quality development guided
by “ecological priority and green development”.

1 Distribution and characteristics of grasslands in China
1.1

Types and distribution of grasslands in China

Grasslands in China are generally divided into four categories according to the natural conditions they are in: temperate grasslands, alpine grasslands, desert grasslands, and
grass mountains and slopes in southern China [4]. Among
them, temperate grasslands are mainly distributed in the
semi-arid regions of the north temperate zone in China, including the Inner Mongolian Plateau, Loess Plateau, and
Songliao Plain, and cover an area of about 1 067 000 square
kilometers; with the gradually decreasing precipitation from
east to west, temperate grasslands are further divided into
meadow steppe, typical grasslands, and desert grasslands,
and they are mainly utilized for raising sheep and beeves.
Alpine grasslands are mainly distributed on the QinghaiTibet Plateau, with an altitude of over 3 000 m generally, and
they cover an area of 1 267 000 square kilometers; alpine
grasslands are the most distinct grasslands around the world,
and they are mainly utilized for raising yaks and Tibetan
sheep. Distributed in Tianshan Mountains, Altai Mountains,
Qaidam Basin in Xinjiang, and Alxa area in Inner Mongolia,
desert grasslands mainly consist of mountain steppes, piedmont grasslands, and desert oases, with an area of about
600 000 square kilometers. Fine-wool sheep and camels are
mainly raised on desert grasslands. Grass mountains and
slopes in southern China are largely secondary rangelands
after forest destruction or middle-alpine grasslands, with an
area of 667 000 square kilometers and satisfactory water-heat
conditions and productive potential [4].

1.2 Main characteristics of grasslands in China
Grasslands in China, restricted by water-heat conditions
due to the environments they are in, have three characteristics: ① Forage growth is heavily subject to seasonal changes.
Mainly affected by climate factors, it generally follows a
unimodal curve—rapid growth in summer and autumn and

slow growth or stopped growth in winter and spring. This
results in severely imbalanced inter-seasonal forage supplies.
② Abundant species and high biodiversity. In general, temperate meadow steppes have about 20–30 species of plants
per square meter. This number is 15 or so in typical grasslands, roughly 10 in desert grasslands, and over 40 in alpine
meadows [4]. The abundant and diverse grassland plants form
the most important pool of natural plant gene resources. ③
High forage value. The plants in China’s natural grasslands,
especially some dominant species such as leymus chinensis,
Stipa plants, and Kobresia plants, all have a high forage
value. Among them, dogstail and leguminous forage have a
crude protein content of 8%–16% and 15%–26% respectively [4]. With good palatability, such plants are suitable for
grazing.

2 Current situation and issues of grassland
restoration in China
2.1 Current situation of grassland restoration in
China
At present, the biggest issue of grasslands in China is extensive deterioration. Grassland deterioration refers to ecological quality decline, reduction of productivity, economic
output, and service functions, environment deterioration,
biodiversity or biocomplexity decline, and reduction or loss
of restoration function of grasslands (including plants and
soil) due to human activities or adverse natural factors [5]. In
fact, grasslands in China formed millions of years ago, its
grassland utilization can be traced back to the Neolithic Age
(over 4 000 years ago), and its agricultural grassland reclamation also has a history of more than a thousand years,
which are much earlier than those in other countries with
large areas of grasslands in the world. However, extensive
deterioration of grasslands in China started in the 1980s [5]
and reached the severest level at the end of the 20th century,
when deteriorated grasslands accounted for about 90% of the
total grassland area in the country.
In view of the extensive deterioration of grasslands in
China, the 11th Session of the Standing Committee of the
Sixth National People’s Congress passed the Grassland Law
of the People’s Republic of China in June 1985. The aim was
to protect, construct and rationally use grasslands, improve
the ecological environment, maintain biodiversity, develop
modern livestock husbandry, and promote sustainable economic and social development. From then on, the management of grasslands in China entered a legal stage where there
are laws and regulations to abide by. Since 2000, China has
successively implemented multiple major ecological projects
in grassland regions, such as “Control Over the Sources of
Sandstorms Affecting Beijing and Tianjin”, “Return Grazing
Land to Grassland”, “Natural Grassland Conservation”,
“Rocky Desertification Control”, and “Grassland Monitoring
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and Early Warning”. Among them, “Return Grazing Land to
Grassland”, the main project of grassland ecological construction, was implemented in 2003. Until 2018, the accumulated investment of the central government on this project
reached CNY 29.57 billion [1]. During 2011–2018, China
implemented the “subsidy and reward policy for grassland
ecological conservation” in 13 provincial-level regions with
major prairie pastoral areas, including Inner Mongolia, Tibet,
and Xinjiang, with an accumulated investment of CNY 132.6
billion [1]. Although such measures contained grassland deterioration to a certain extent, the overall “global deterioration with local improvement” condition of grasslands in
China remains to be reversed fundamentally [6]. Until 2017,
grasslands in Inner Mongolia as a whole were basically restored to the level in the 1980s [1].

2.2 Issues of grassland restoration in China
(1) The allocation of ecological and production functions
of natural grasslands is unreasonable. For a long time, livestock husbandry in China’s prairie pastoral areas has been
heavily dependent on natural grasslands, resulting in
long-term overgrazing, with the actual livestock carrying of
such areas higher than the livestock carrying capacity of
grasslands [7,8]. Fundamentally speaking, this is caused by the
emphasis on the production function of grasslands at the
expense of their ecological functions and the consequent
unreasonable allocation of the two functions [8]. As calculated, the value of the ecological service functions of grasslands in China is about CNY 869.768 billion each year, while
the value actually achieved by livestock husbandry is only
CNY 15 billion [9]. Therefore, from the perspective of ecological economics, the loss of grassland livestock husbandry
that focuses on the output value and ignores ecological
functions outweighs its gain. At present, Socialism with
Chinese characteristics has entered a new era, and “ecology
first, green development” has become the theme of the times.
Under this background, the rational allocation of the ecological and production functions of grasslands is particularly
critical. We believe that China should focus on the restoration
and conservation of natural grasslands to give full play to
their ecological functions of wind prevention and sand fixation, water conservation, and carbon fixation and oxygen
release. On this basis, we can scientifically and rationally use
grasslands to fulfill their production function.
(2) The objective of natural grassland restoration should
be further detailed and clarified. In March 2021, the General
Office of the State Council issued the Several Opinions on
Strengthening Grassland Conservation and Restoration,
which pointed out that an institutional grassland conservation
and restoration system should be basically established by
2025. Moreover, the grass-livestock contradiction will be
significantly alleviated, the trend of grassland deterioration
will be fundamentally contained, the comprehensive vegetation coverage of grasslands will stay stable at around 57%,
and the ecological conditions of grasslands will be continuously

improved by then. By 2035, the institutional grassland conservation and restoration system will be further improved, a
grass-livestock balance will be basically achieved, deteriorated grasslands will be effectively controlled and restored,
the comprehensive vegetation coverage will stabilize at
around 60%, the ecological and production functions of
grasslands will be significantly enhanced, and the prominent
role of grasslands in the construction of Beautiful China will
be demonstrated. By the mid-21st century, deteriorated
grasslands will be fully controlled and restored, the grassland
ecosystem will achieve a virtuous cycle, and a new pattern of
harmonious coexistence between man and nature is thereby
achieved. This programmatic document determines the
schedule and general goal for the comprehensive restoration
and conservation of grasslands in China. However, since the
restoration of deteriorated grasslands is a process of dynamic
succession of vegetation, multiple states or stages of succession are undergone in the process. For a specific ecosystem of
deteriorated grasslands, the restoration goal should be detailed into the states of vegetation restoration and succession,
namely, the succession states to which different types of
grasslands in China should be restored. The moderate interference theory holds that the ecosystem under moderate interference has the highest biodiversity [10,11], which is in turn
closely related to the versatility of the ecosystem. Therefore,
moderately grazed grasslands have the highest versatility.
Meanwhile, the grazing optimization theory believes that the
primary productivity of grasslands can reach its highest level
under moderate grazing, which means that optimized grazing
management can improve the primary productivity of grasslands [12]. Drawing on these ecological theories, the characteristics of grasslands in China, and the practice of grassland
restoration in China, we believe that the goal of natural
grassland restoration in China can be determined as a
near-climax community featuring moderate utilization and
“high biodiversity, high productivity, and intact ecosystem
structure”. Given the wide distribution and abundant types of
grasslands in China, the structure and function indexes of the
near-climax communities for different types of grasslands in
different regions should be determined according to local
conditions.
(3) The restoration of deteriorated grasslands still needs
breakthrough and subversive technologies. At present, the
restoration of natural grasslands in China remains focused on
techniques of reducing grazing intensity, such as enclosure
and grazing prohibition, rotational grazing, and rest grazing.
However, with the above restoration techniques, the full
restoration of the structure and functions of grassland vegetation takes a long time. Some grasslands have also applied
techniques such as shallow tillage, root-cutting, and supplementary sowing, most of these measures have failed to
achieve a satisfactory effect though. The key to strengthening
the technical weaknesses in grassland restoration lies in science and technology. Researchers should develop a series of
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general and specific restoration techniques for different types
of grasslands, deteriorating stages, and restriction factors.
(4) Grassland grazing management manners are relatively
backward. Grazing is the cheapest and most effective grassland utilization and management method. However, the
grazing management of most herders in China is still at the
stage of primitive free grazing. Some herders, under the
support of the national project, have applied means such as
rotational grazing by zoning, which, however, could not be
popularized due to a forage growth time of merely 5–6
months in North China, the high cost of fencing, and poor
practicability. At present, information technology, represented by big data and the Internet of Things (IoT), is developing with each passing day. Nevertheless, its application
in grazing management in China should be further strengthened.

3 Strategy for restoration of deteriorated
grasslands in China
3.1 Reasonably allocating ecological and production functions of grasslands according to the “small
vs. large area” principle
In 2012, the 18th National Congress of the CPC incorporated ecological civilization construction into the overall plan
of promoting all-around economic, political, cultural, social,
and ecological progress, making the strategic position of
ecological civilization construction more prominent. The 19th
National Congress of the CPC proposed a grand blueprint for
coordinating the systematic management of mountains, rivers, forests, fields, lakes, and grasslands and constructing
Beautiful China. The functional orientation of grasslands also
ushered in a historic change. Grassland utilization should
follow the principle of “ecology first, green development”,
while the rational allocation of production and ecological
functions is the key. The “small vs. large area” principle for
grass-based livestock husbandry has provided a basis for the
rational allocation of ecological and production functions of
natural grasslands. This principle is one of the basic theories
for the development of grass-based livestock husbandry in

prairie pastoral areas proposed by Fang et al. [13]. Its core is to
build intensive, high-production, and high-efficiency cultivated grasslands where less than 10% (or even 5%) of the
land with suitable water-heat conditions are utilized in prairie
pastoral areas. The aim is to provide high-quality forage for
livestock husbandry (generally speaking, the forage yield of
cultivated grasslands is more than 10 times that of natural
grasslands) and thereby fundamentally solve the
grass-livestock contradiction; the remaining over 90% of
natural grasslands should be conserved, restored, and
properly utilized to improve the ecological and production
functions simultaneously [13]. This theory was proposed according to the actual productivity levels of cultivated and
natural grasslands in China. A large number of studies have
proved that in the same area, the productivity of cultivated
grasslands can be 10–15 times that of natural grasslands [14],
and the number is 20–40 times that of natural grasslands in
terms of protein yield [14] (Fig. 1).

3.2 Accelerating the restoration of deteriorated
grasslands by combining natural restoration with
artificial restoration with the goal of establishing a
near-climax community
Since the extensive deterioration of natural grasslands in
China in the second half of the 20th century, grassland restoration has attracted much attention from all walks of life.
However, no unified goal for the restoration of deteriorated
grasslands in China has been determined, although the determination of a scientific and reasonable restoration goal is
the basis for making specific restoration measures. If the
restoration goal is set as the “climax community of grassland
climate” represented by perennial enclosed plots, it would be
hard to achieve in production practice. In light of the moderate interference theory and the grazing optimization theory,
we believe that the restoration goal of the “near-climax
community” is appropriate for grassland restoration in China,
in which case the restoration goal of a “climax community of
grassland climate” is not necessary. The “near-climax community” refers to a grassland community with structure
characteristics (such as species composition) similar to those

Fig. 1 Productivity comparison between cultivated and natural grasslands in Hulunbuir Grass-based Livestock Husbandry Experimental
Area. (a) Forage yield; (b) Protein yield
© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.
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of the “climax community”, maintained biodiversity, intact
ecosystem structure, complete ecological and production
functions, and coordinated grass-livestock relationship.
Cheng et al. [15] indicated that the deteriorated grasslands on
the Loess Plateau can be rationally used after 10–15 years of
enclosure, rather than after they are restored to the state of
climax community. Buterfield et al. [16] broke through the
traditional cognition of “native vegetation communities are
the best”, took the structure and function of the ecosystem,
rather than the composition of local species, as the goal of
restoration, and made it a success. Therefore, the establishment of the near-climax community is appropriate for the
restoration of natural grasslands in China.
At present, the deteriorated grasslands in China are mainly
restored through natural restoration by reducing grazing
pressure, namely restoring deteriorated vegetation by the
self-restoration capability. It is feasible under conditions of
slight deterioration and sufficient seeds in soil and underground buds. However, for moderately and severely deteriorated grasslands, it would be quite slow to restore by natural
restoration only. On the basis of reduced or eliminated grazing interference, artificial auxiliary measures can efficiently
and quickly restore the grasslands. The restoration practice
performed by the Institute of Botany, Chinese Academy of
Sciences in Hulunbuir Grasslands and Xilingol Grasslands
indicated that the artificial auxiliary measure “biological bud
promotion, nutrient efficiency enhancement, and synchronization of water and fertilizer” can quickly restore moderately
deteriorated grasslands in 2–3 years. During the restoration of
the deteriorated “black soil beach” grassland on the QinghaiTibet Plateau, the researchers introduced several high-quality
Gramineae forages, such as Elymus untans, Poa crymophila,
and Festuca sinensisi [17–19] and established cultivated grasslands, which are then replaced by natural vegetation. Favorable results have also been achieved. The above practices
indicated that deteriorated grasslands in China can be restored by natural restoration in combination with artificial
restoration.

3.3 Developing efficient and rapid restoration
techniques for deteriorated grasslands according to
grassland types
For a long time, natural restoration has been the major
restoration measure for natural grasslands in China. However, grasslands in Inner Mongolia have just been restored to the
level in the 1980s so far [1]. It should be pointed out that the
forage yield in Inner Mongolia was 1 912 kg/ha in the 1950s
and 1 050 kg/ha in the 1980s, which is a 40%–60% decrease [20]. Therefore, for some moderately and severely
deteriorated grasslands, fully relying on natural restoration
means a quite slow restoration process.
Science and technology are the keys to accelerating the
restoration of deteriorated grasslands. In view of the diversity, utilization methods, and deterioration degrees of natural
grasslands in China, the restriction factors of restoration are
also different. Therefore, it is necessary to find such restriction factors for different types of grasslands and develop
breakthrough technologies in a targeted manner, thereby
achieving efficient and quick restoration of different types of
deteriorated grasslands. An experimental demonstration was
performed in the Hulunbuir Grass-based Livestock Husbandry Experimental Area by the Institute of Botany, Chinese
Academy of Sciences. The results indicated that the fast
restoration techniques for deteriorated grasslands can increase the forage yield of moderately deteriorated grasslands
from 870 kg/ha to 2 330–2 600 kg/ha in 2–3 years, which is
an increase of nearly 2 folds (Fig. 2). The proportion of
high-quality forage is also enhanced by over 3 folds from less
than 17% to 67%–81% [13]. These results suggested that the
deteriorated natural grasslands in China can be quickly restored by appropriate measures, which is reflected not only in
the substantial increase in productivity but also in the recovered proportion of high-quality forage. However, such
measures are still insufficient. It is thus necessary to clarify
the main restriction factors and develop suitable efficient and
rapid restoration techniques for different types of grasslands.

Fig. 2 Demonstration effect of rapid restoration techniques for deteriorated grasslands in Hulunbuir Grass-based Livestock Husbandry
Experimental Area.(a) Landscape effects of the restoration area and the control area, in which the dark green stripes are the restoration area
while the light green ones are the control area; (b) Close shot of restoration area vs. control area
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3.4 Developing an intelligent grazing system featuring dynamic grass-livestock balance for sustainable utilization of grasslands
Grass-livestock balance is an ideal paradigm of grassland
utilization. However, a large number of studies showed that
in arid and semi-arid steppe areas with precipitation below
400 mm and annual precipitation variation above 30%, plant
growth fluctuates violently with precipitation variation. This
makes it hard to calculate the stable environmental carrying
capacity and achieve real grass-livestock balance [21–23]; in
other words, managing grass-livestock balance with static
livestock carrying is rigid and inadvisable in arid and
semi-arid grasslands [24]. Under this background, grassland
grazing management should focus on dynamic
grass-livestock balance management in the future. Certain
successful experience in intelligent high-frequency rotational
grazing modes has been achieved around the world, and it
provided a reference for grassland grazing management in
China. These new modes, by inserting information elements
such as electronic fences, intelligent sensors, and intelligent
wearable devices for livestock into the grazing management
system, enable real-time monitoring of the forage yield of
grassland and the foraging behaviors of the livestock [25,26].
High-frequency rotational grazing (with a cycle of around
2–3 days) provides the grasslands with a longer period of
recuperation (Fig. 3). Such techniques are making robust
progress, and they have broad application prospects for sustainable utilization of grasslands.

3.5
Strengthening grassland conservation according to law and providing subsidies and rewards
according to conservation conditions
The Grassland Law of the People’s Republic of China is

Fig. 3

the basic legal basis for grassland conservation and construction, and it has been revised twice. The current need is to
strengthen law enforcement, especially the implementation
of legal punishment for the destruction of grasslands.
Grasslands should be treated the same way arable lands are
treated, which means a basic red line system should be established to ensure the integral functions, continual distribution, and sustainable utilization of natural grasslands in
China. Since 2011, China has been implementing the subsidy
and reward policy for grassland ecological conservation. The
fund is allocated by administrative divisions, and it would be
directly given to herders performing grazing prohibition or
rotational grazing. This policy plays an important role in
grassland ecological conservation. Nevertheless, the project
fund is not tied to the performance of grassland restoration
and conservation in some regions, which may lead to a vicious
circle
of
“destroy–conservation–re-destroy–
re-conservation” and a need for a steady stream of capital
investment. As new technologies such as high-resolution
satellite imaging technology, unmanned aerial vehicle (UAV)
technology, IoT technology, and big data analysis technology
are applied, the time for establishing a dynamic
post-compensation mechanism for grassland ecological
conservation has come. The government should monitor and
assess grassland vegetation each year. Subsidies or rewards
should be provided for herders doing well in grassland vegetation restoration and conservation; as for herders failing to
meet the standard, subsidies or rewards should be reduced or
canceled; herders causing severe deterioration of grasslands
should be punished to a certain extent. In this way, a management mechanism for grassland restoration, conservation,
and sustainable utilization can be established from the legal
and policy levels.

Future intelligent grazing system featuring dynamic grass-livestock balance
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At present, all the 152 impoverished counties in China’s
prairie pastoral areas have achieved poverty alleviation, and
regional overall poverty has been resolved. The No. 1 Central
Document in 2021 proposed that China should comprehensively promote rural revitalization and accelerate the modernization of agriculture and rural areas. In prairie pastoral
areas, the subsidy and reward policy for grassland ecological
conservation needs to be improved, and the ecological environment of grasslands should be steadily restored. Grassland
restoration, conservation, and rational utilization have ushered in new opportunities. In 2020, the Chinese Academy of
Sciences proactively deployed the strategic priority research
program “Establishment of a Scientific and Technological
System for Grass-based Livestock Husbandry”. The “Natural
Grassland Restoration Technology and Near-climax Community Construction” project, with ecosystems of deteriorated grasslands in typical areas in China as the subjects,
gathers the scientific and technical advantages of multiple
disciplines, departments, and units. The restriction factors of
grassland restoration are resolved, and technical systems
suitable for the restoration of different types of grasslands are
built. A group of restoration modes covering major types of
grasslands in China, such as meadow steppe, typical grasslands, desert grasslands, alpine grasslands, and grasslands in
mountain areas of southern China, is ultimately built to provide an overall solution for the restoration of deteriorated
grasslands in China.
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